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MIGRATION PROCESSES IN THE SYSTEM OF MODELS FOR
INTEGRATED TERRITORIAL DEVELOPMENT OF THE
SILISTRA REGION
INTRODUCTION
The problem for migration processes modelling is complex
comprising many aspects:
- migration is closely connected with natural demographic
processes, such as fertility and mortality which are in
turn defined by deep economic and social aspects;
- the motivations for migration have a psychological basis
with many economic, social, and in some cases political
aspects;
- migration expresses itself simultaneously in sectorial
and spatial aspects. The latter determine its main
characteristics:
o migration is not only affected by factors of a
different character, but on the contrary, it is
essentially influenced by the development of dif-
ferent sectors and activities within the region.
Therefore this influence can, and has to, obtain a
quantitative assessment.
It can, however, be said that the ｾ ｮ ｶ ･ ｾ ｴ ｾ ｧ ｡ ｴ ｾ ｯ ｮ ｾ ｾ ｮ the
ｾ ｰ ｨ ･ ｾ ･ 06 ｭｾｧｾ｡ｴｾｯｮ ｰｾｯ｣･ｾｾ･ｾ ｭｯ､･ｬｬｾｮｧ to date have been made
ｭｯｾ･ on the ｾ ｮ Ｖ ｬ ｵ ･ ｮ ｣ ･ ｾ 06 ､ｾＶＶ･ｾ･ｮｴ Ｖ｡｣ｴｯｾｾ on ｭｾｧｾ｡ｴｾｯｮ ｰｾｯﾭ
｣･ｾｾ･ｾ and have ｾ ｮ ｡ ､ ･ ｱ ｵ ｡ ｴ ･ ｬ ｹ taken ｾ ｮ ｴ ｯ account the ｾ ･ ｰ ･ ｾ ｣ ｵ ｾ ﾭ
ｾ ｾ ｯ ｮ ｾ !6eedbackl 06 ｭｾｧｾ｡ｴｾｯｮ ｰｾｯ｣･ｾｾ･ｾ on the development
06 ､ｾＶＶ･ｾ･ｮｴ ｾｰｨ･ｾ･ｾ and ｡ ｣ ｴ ｾ ｶ ｾ ｴ ｾ ･ ｾ Ｎ In this sense, the problem
of migration processes regulation is less elaborated in the
regional aspect.
The elaboration of the system of models for integrated
territorial development of the Silistra region enables us to
I
improve both the integrated regional modelling and the migration
processes modelling. Therefore the lack at this stage of a
general concept for the system of models for integrated regional
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development (IRD) not only would aid migration processes
modelling, but the requirements of the migration processes
model to the remaining subsystem models of the region will
exceptionally facilitate the elaboration of the general concept
for the IRD system of models.
Migration processes are connected mainly with the movement
of labor resources. In Bulgaria, great importance is paid to
the problem of labor resources, their movement and their ef-
fective utilization. To this end, many government decisions
are accepted, as for example: for the elaboration of a general
scheme for territorial distribution of productive forces and
national balance of labor resources; for private households
development and self-sufficiency of the population with agricul-
tural products, with the aim to fully utilize the work of the
total population; for the construction of a system of complex
services in territorial aspects which is based on the territorial
allocation of the population as a consumer of the services; and
for the implementation of two and three shifts per day type of
work for enterprises and productive plants with the aim of
fully utilizing these.
It can be claimed that mainly in the sphere of the problems
connected with labor resources, their movement and utilization,
ｯ ｮ ｾ Ｖ ｾ ｾ Ｑ ｾ ｴ ｨ ｾ laQR 06 ｴｨｾ ｭｯ､ｾｬｾ ＶＰｾ ､ｾｑｾｾｾｯｮｭ｡ｒｾｮｧ ｾｮ ｾｾｧｾｯｮ｡ｬ
｡ｾｰｾｑｴｾ and ｴ ｨ ｾ ｓ ｾ ｬ ｾ ｾ ｴ ｾ ｡ ｰ ｾ ｯ ｪ ｾ ｑ ｴ ｾ ｾ an ｡ｰｰｾｯｰｾｾ｡ｴｾ ｾｾ｡ｾｯｮ ＶＰｾ
ｾｯｬｶｾｮｧ ｴｨｾｾ ｰｾｯ｢ｬｾｭＮ Migration processes modelling has to be
adequate through the economic and social mechanism management
on the national and regional level in Bulgaria. It is necessary
to stress that the mechanism for economic management in Bulgaria
is characterized as centralized, which will reflect to some
extend on the assigning of input parameters of the migration
processes model. At the same time, the subjective character of
the motivation of population behavior,-when they decide to
migrate will approach the instruments for the regulation of
of migration processes in centrally planned economies to those
in market economies.
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One can also claim that the differences in the management
mechanisms in different countries will provoke differences
more in the approach and scheme of the calculation cycle
connected with the migration processes than in the instruments
for their solution, which makes the mutual participation of
specialists from different countries working on this complex
problem especially useful.
The present investigation is made on the following initial
conditions:
an intraregional input-ouput balance will be elaborated within
the region which will serve for the assigning of restric-
tions to the different subsystem models including the
migration processes model; and
separate models with local criteria will be worked out
for the different productive and non-productive subystems
in which the problem of labor resources will play an
important role.
This will, on the one hand, definitely influence the con-
nections of the separate models with the migration processes
model, and on the other, will definitely require the differen-
tiation of the task which will solve the other models and the
tasks which have to be solved by the migration processes model.
Despite local optimums satisfying the separate subsystems
strategic-type models will be solved within the framework
of the region to satisfy the global optimum of the region.
This will entail additional alterations of the input
parameters of the separate subsystem models including the
migration processes model. This condition raises the problem
of the approach which has to insure convergence between global
decisions concerning the region and local decisions concerning
the separate subsystems, which is subject to the general con-
cept for the system of regional models.
The reverse influence of migrations on the separate sub-
system development requires that the migration processes
be regulated in terms of the appropriate instruments.
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These instruments have to be based mainly on the impact
of the incentives of different population groups and in
this way influence their motivation when they make
the decision whether to migrate or not.
The substantiation of paramters of the migration processes
model in regional aspects, the method in which to connect this
model with other subsystem models and the instruments for its
solution require that ｾ system anaLysis has to be made with-
in the foLLowing main probLems and in the foLLowing sequence:
1. The scope of the migration processes model has to be defined
and differentiated from the other subsystem models of the
region.
2. The factors which influence the size of migration flows
have to be investigated and to be linked with the para-
meters of the remaining subystem models within the region.
3. The cycle of the migration processes and their regulation
has to be connected with the optimization cycle of the IRD
system of models.
The above statement of the problem will add to the existing
approaches for the investigation and solution of migration
migration processes modelling and obviously the approach for con-
struction of an IRD system of models. Accepting such a
statement, we will be preserved on the one hand, from missing
the important aspects of the problem concerning migration pro-
cesses, and on the other, from invading areas which are subject
to the solution of other models and subsystems, which occurs
very often in practice.
The ｭ ｾ ｾ ｮ ｧ ｯ ｾ ｴ 06 ｴ ｨ ｩ ｾ ｩ ｮ ｶ ･ ｾ ｴ ｩ ｧ ｾ ｴ ｩ ｯ ｮ ｩ ｾ to define such an
approach to the construction of an optimization cycle of separate
subsystems (in this case of migration processes) which will serve
for improvement of the optimization cycle of the unified IRD
system of models.
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I. SCOPE AND DIFFERENTIATION OF THE MIGRATION PROCESSES MODEL (MPM)
The investigation of the problems so far connected with
migration processes enables us to accept that the subject of MPM
is a spatial aspect of demographic processes, i.e. the popula-
tion movement under the influence of factors of a demographic,
economic, and social character; the consequences of that move-
ment and its regulation. Determining the subject of migration
modelling in this way requires that special attention be paid
to the spatial aspect of the other subsystem models within the
framework of the region.
It is obvious that migration processes, in spite of the
factors which have provoked them have as a basis natural
demographic changes in the population growth and its structure.
The population demographic growth in the single-region case
may be expressed by the well-known Leslie model (see Keyfitz,
1968) [2] :
where
( 1 )
L
-p
= projected population of the subregion p
and time period of projection n;
= Leslie matrix derived by fertility and
mortality rates in the same region;
= column vector of the population under
analysis in basic year t in subregion p.
This model has to be used at the intial stage in working
out the regional input-output balance.
The Rogers model [7]:
where
(2 )
{Kt +n }
-ps
G
=
=
projected multiregional population;
multiregional growth matrix (Rogers, 1975)
taking into account the spatial distribution
of the population differentiated by age groups.
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It can be used successfully for forecasting the popu-
lation growth and structure on a basis for defining the
size of migration flows by subregions. The population growth
and migration under the conditions of the Silistra region,
computed in terms of this model, are expressed graphically
*in Figure 1. The results computed are presented ip Appendix I.
It is necessary to stress that this approach to derive
migration flows does not answer the following question: Which
are the factors and how do they influence the deriving of migra-
tion rates? (because it is obvious that the ｩ ｮ ｦ ｬ ｵ ･ ｮ ｣ ｩ ｮ ｾ factors
during the basic year will be different during the projection
period). Henee, ｾ Ｖ we ､ｾｾ･･ｴｬｹ eonneet the ｭ ｾ ｧ ｾ ｡ ｴ ｾ ｯ ｮ ･ ｯ ･ Ｖ Ｖ ｾ ･ ｾ ･ ｮ ｴ ｾ
､ ･ ｾ ｾ ｶ ｡ ｴ ｾ ｯ ｮ ｾ ｷ ｾ ｴ ｨ the Ｖ ｡ ･ ｴ ｯ ｾ ｾ Ｖ ｾ ｯ ｭ ｷ ｨ ｾ ･ ｨ the ｭ ｾ ｧ ｾ ｡ ｴ ｾ ｯ ｮ ｾ depend,
the above ｾ ｨ ｯ ｷ ｮ ｡ ｰ ｰ ｾ ｯ ｡ ･ ｨ ean be ｵｾ･､ ｾｵ･･･ｾｾＶｵｬｬｹ ＶＰｾ ＶＰｾ･･｡ｾｴｾｮｧ
the ｾ ｾ ｺ ･ and ｾ ｴ ｾ ｵ ･ ｴ ｵ ｾ ･ 06 ｭｾｧｾ｡ｴｾｯｮ Ｖｬｯｷｾ ＶＰｾ a ｰｾｯｾｰ･･ｴｾｶ･
ｰ･ｾｾｯ､Ｌ ･ｨ｡ｮｧｾｮｧ the ｭ ｡ ｧ ｮ ｾ ｴ ｵ ､ ･ 06 the ｭ ｾ ｧ ｾ ｡ ｴ ｾ ｯ ｮ ･ ｯ ･ Ｖ Ｖ ｾ ･ ｾ ･ ｮ ｴ ｾ ｾ ｮ
the model [5J.
In this way the MPM can be differentiated as independent
with its own significance in the IRD system of models.
II. FACTORS INFLUENCING THE SIZE OF MIGRATION FLOWS
The differentiation of the population by age groups is
of capital importance for the determination of migration flows.
In this respect, the working age of the population plays a
determining role in the investigation of factors which influence
population migration. This enables to investigate the
place and role of labor resources in the unified IRD system of
models.
In view of the above, we can reach the following main
goals:
more precise differentiation of the MPM and the other sub-
system models; (in the latter, labor resources take part in
defining the efficiency of their activity);
the system analysis of factors which influence labor
*The computation is made by D. Philipov.
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Silistra Bi-regional Projection
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resources migration;
the MPM requirements can be sent to the other sub-
system models; and
more precise definition of the MPM interdependencies with
the unified IRD system of models.
A general idea ｣ ｯ ｮ ｣ ･ ｲ ｮ ｩ ｾ ｧ the relations between the labor
resources and other subsystem models· in the region is shown in
the scheme presented in Figure 2.
Generally we can see from the scheme that the relations
of labor resources with the other subsystems are interrelated:
labor resources supply other subsystems with a labor force
while the other subsystems supply the labor resources with com-
modities, facilities and lifestyle scenarios.
The formation of the labor resources by subregions and
their movement can be expressed in the following way:
= Kt +n _ Nt +n + Mt +n ± cpt+n
p p ps ps
where
Kp = demographic growth of local population in
subregion p (defined by formula 1 ) ;
N = population in out working age in subregion pp
(defined by formula 1 ) ;
M = the number of migrants between subregions pps
and s (defined by formula 2) ;
CP = number of commuters between subregions p and s.ps
(3)
Since the basic regional input-output balance will play an
important role in the equilibrium of subsystem elements within
the region (including labor resources) it is necessary to
include in this the differentiated separate subsystems as a
basis for the allocation of labor resources.
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L x: t + L x9rt = L A:. ｸｾｴ + L B:. ｸｾｴ1p 1p 1J JP 1J JPjsJ q*r jsJ jEJ
+ Ct zrt + 13. zrt L x:qti + (4 )1 1 2 1p
q*r
i E I j E J P E P
= volume of i-th product produced in p-th sub-
region of the region during basic year t;
= subregional index within the region;
= import-export index to and from the sub-
regions of the r-th region;
= volume of i-th product needed for the produc-
tion of unit of j-th product (for current produc-
tive consumption of the separate subsystems);
= production fund coefficient;
r
q
A ..1J
B ..1J
Ct 1Z1 = volume of i-th product for final non-productive
consumption (Ct. = assortment coefficients for
1
participation of the i-th product in total volume
of the production for consumption);
= volume of the i-th product for consumption by the
non-productive subsystems (8. coefficients
1
analogous of Ct.).
1
The differentiation of subsystems in the regional balance
makes it possible to differentiate the labor resources allocation
viewed as productive resources which may be expressed in the
where
x: t1p
following way:
+ v ｸｾｖｴ + L
m4 JP
L
jEJ
Lqrt =
mp
v Ｑｸｾｴ + v ｸｾｉｴ + v ｸｾｉｉｴ
m JP m2 JP m3 JP
(5 )
q;4:r
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where
q
=
=
quantity of local resources in region r by m-th
type of qualifications (m = 1,2, ... ,n) in p-th
subregion during basic year tJ
index of labor resources movement to and from
other regions;
coefficients for relative labor resources parti-
cipation in subsystems producing products for
current consumption, for productive funds, for
final consumption and for non-productive subsystems.
Summarizing the labor resources by columns of the balance
makes it possible to derive the total quantity of labor resources
used by different types of qualifications in the different sub-
systems and by the subregions of the region:
L =
mp
iEI
v .x.
mJ JP (6 )
The gross wage by subsystems and subregions of the region
may be expressed as follows:
where
v. = I v .y .x.JP mJ ml JP
iEI
Ymi = normative wage by m-th type of qualification in
i-th sector.
(7 )
The balanceing of labor resources within the region by sub-
regions enables us to derive the differentiation of the conditions
by subregions, both ,with regard to labor resources utilization
and to the satisfaction of the labor resources and the population
with different products, services and facilities. The differenti-
ation of conditions concerning labor resources, can be shown by
subregions within the region, and outside the region as follows:
the differentiation of labor resources by qualifications
(m = 1, .•• ,n; n+q) where: n+q = index differentiation outside
the region;
- 12 -
differentiation of labor resources by the obtained wage
volume V. (j = 1, ... ,m; m+n) where: m+n = differentiation
J
outside the region r;
differentiation of labor resources participation in dif-
ferent activities:
L.
V . = ---.l...-x
mJ ..1J
(j = 1,..., n ; n +q )
differentiation of the population by satisfaction with
products for current personal consumption:
a.Z a.Z'
1 1
K KP q
(the second fraction here and further refers to the differen-
tiation outside the region r;
differentiation of the population by satisfaction of living
space:
Si Z1 l3 i Z;
K KP q
differentiation of the population by satisfaction with public
services and facilities:
differentiation of the population by potentiality for educa-
tion:
differentiation of the population by availability of health
care services:
- 13 -
differentiation of the population by availability of
cultural facilities:
differentiation of the population by environmental quality:
The above differentiations in living and working conditions
of the population and of labor resources in different subregions
of the region, by its deep entity, express the factors which
form the population's motivation to migrate from one to another
subregion of the region, or out of the region. This means that
accordingly, the extent of the differentiation by the different
factors is necessary to differentiate the relative subregions
of potential inflow or outflow of the population within the
region and out of the region. This shows, on the other hand,
the objective fact that ｡ ｾ a ｾｵｬ･Ｌ the ｬ ｡ ｢ ｯ ｾ ｾ ･ ｾ ｯ ｵ ｾ ｣ ･ ｾ ､ ｩ ｾ ｴ ｾ ｩ ｢ ｵ ﾭ
tion by ｭ ･ ｡ ｮ ｾ 00 the ｾ ･ ｧ ｩ ｯ ｮ ｡ ｬ input-output balance Ｈ ｾ ･ ｾ ｰ ･ ｣ ｴ ｩ ｶ ･ ｬ ｹ
by ｭ ･ ｡ ｮ ｾ 00 ｾｵ｢ｾｹｾｴ･ｭ ｭｯ､･ｬｾＩ will ｡ ｬ ｷ ｡ ｹ ｾ ､ ｩ ｯ ｯ ･ ｾ by the ｾ ･ ｡ ｬ
､ ｩ ｾ ｴ ｾ ｩ ｢ ｵ ｴ ｩ ｯ ｮ 00 ｬ｡｢ｯｾ ｾ･ｾｯｵｾ｣･ｾ ･ｸｰｾ･ｾｾｩｮｧ the ｰ ｾ ｯ ｰ ･ ｮ ｾ ｩ ｴ ｹ 06 the
population to ｭ ｩ ｧ ｾ ｡ ｴ ･ to ､ ｩ ｯ ｯ ･ ｾ ･ ｮ ｴ ｾ ｵ ｢ ｾ ･ ｧ ｩ ｯ ｮ ｾ 06 the ｾ ･ ｧ ｩ ｯ ｮ ｯ ｾ
out 00 the ｾ ･ ｧ ｩ ｯ ｮ Ｎ
In this respect the following inequality will be valid:
L
jEJ
Lz,t+n - L
ps
Nt +n ｾp
jEJ
(8 )
(the elements are taken from formula 3 without considering the
commuting patterns and Lr,t+n is derived from formula 5 throughps
regional input-output balance). The above difference is due to
the fact that the deriving of the labor resources size by means of
regional input-output balance and other subsystem models has
not taken into account the factors which provoke population
migration. The above circumstances raises two basic problems
(9)
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to be solved by the IRD system of models: the fist requires
that the real size of the migration processes be defined taking
into account the factors which provoke them; the second requires
that the migration processes be regulated to the direction which
would satisfy both the criteria used by planners and the personal
incentive of the population.
The factors influencing the migration processes are compara-
tively well investigated, and in this respect, La Bella's investi-
with applicable character [4, 5, 6] deserves special attention
It is necessary to stress that for potential migrants the factors
expressing the differentiation of the potentiality to have dif-
ferent commodities, services, and facilities have an entirely
exogenous character and for planners it makes it possible to
forecast them and at the same time, to forecast the possible
decision of the population to migrate. The ｯ ｢ ｪ ･ ･ ｴ ｾ ｶ ･ ･ ｨ ｡ ｾ ｡ ･ ｴ ･ ｾ
0b the ｭ ｾ ｧ ｾ ｡ ｴ ｾ ｯ ｮ ｢ ｡ ･ ｴ ｯ ｾ ｾ Ｌ ｡ ｾ ｰ ｾ ･ ｶ ｾ ｯ ｵ ｾ ｬ ｹ ｾ ｴ ｡ ｴ ･ ､ Ｌ ｭ ｡ ｫ ･ ｾ ｾ ｮ ｰ ｾ ｾ ｮ ･ ｾ ﾭ
pie ｰ ｯ ｾ ｾ ｾ ｢ ｬ ･ the ｵ ｾ ｡ ｧ ･ o§ eommon ｴ･･ｨｮｾｱｵｾｾ ｢ｏｾ ｮｯｾ･･｡ｾｴｾｮｧ
ｭｾｧｾ｡ｴｾｯｮ ｮｬｯｷｾ ｾｮ both ｭ ｡ ｾ ｫ ･ ｴ and ･ ･ ｮ ｴ ｾ ｡ ｬ ｬ ｹ planned ･ ･ ｯ ｮ ｯ ｭ ｾ ･ ｾ Ｎ
Thus, it may, in principle, be accepted that the index for
migration q ,propensity to migrate respectively from the p-thps
to the s-th subregion of the region expresses the fraction
between the number of migrants and the population size in the
relative subregion:
Mt +n
t+n = ｾ
qps Kt+n
p
The above fraction is a function of the differences of the
I
above mentioned factors between the subregions of the migration
and the subregions of attraction which provoke differences in
the expected profit for the migrant (see A. La Bella [2]):
where
=
R Cf(a, 6R ,6C ,6h ,6h ,r, Lps ' Vps )ps ps ps ps , (10)
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where
6RpS ' 6SpS = existing differentiation inthe costs and
benefits of population living in different
subregions;
6h:s ' Ｖｨｾｳ = expected differentiation in growth rates of
the same factors;
r = discount factor;
L = differentiation of the potentiality forps
finding work;
vps = expected cost of the move.
In this regard it is necessary to stress that the differen-
tiation of the factors for migration by subregions of the region
requires that a comparison be made between the subregions of
the Silistra region and specific subregions outside the region
but not, as some authors propose, with the average level of the
country's conditions. This is necessary because the average
level of the factors of a country tends to compensate for the
differences between the specific attractive subregions and
reduces their real power of. attraction in the modeL
The further investigation of the problem requires that
the place of the MPM be shown in the IRD system of models.
III. PLACE OF THE MIGRATION PROCESSES MODEL (MPM) IN THE
OPTIMIZATION CYCLE OF THE SYSTEM OF MODELS FOR INTE-
GRATED REGIONAL DEVELOPMENT (IRD)
The lack of general concept for the system of regional
models requires that only the main stages of the optimization
cycle of the system of models for IRD be treated. Therefore,
the following statement may be accepted: the optimization of
separate subsystems has to be realized with restrictions of the
labor resources by separate subregions of the region, which are
defined by the natural demographic population growth, (i.e.
without population migration) defined by formula 1. The possible
population movement (migration processes) has to be defined at
the subsequent stage, after deriving the expected real volume
- 16 -
of migration flows and taking into account the influence of the
factors which provoke them. This makes possible the MPM to be
differentiated into an independent model. On the other hand,
it is possible at the initial stage of the optimization cycle of
the system of models that a solution of the other subsystem models
be made in which case the surplusses of labor resources release
by subregions of the region. These surplusses influence the
optimal decision of these models which is derived considering
the final expenditures and efficiency concerning labor resources
movement within the region.
The ｭ ｡ ｾ ｮ ｾ ｴ ｡ ｧ ･ ｾ 06 the ｯ ｰ ｴ ｾ ｭ ｾ ｺ ｡ ｴ ｾ ｯ ｮ eyele 06 the IRV ｾ ｹ ｾ ｴ ･ ｭ
06 ｭｯ､･ｬｾ ｷｾｴｨ ｾ･ｾｰ･･ｴ to the ptaee 06 ｭｾｧｾ｡ｴｾｯｮ ｰｾｯ･･ｾｾ･ﾢ may be
Ｖ ｯ ｾ ｭ ｵ ｬ ｡ ｴ ･ ､ a¢ 601Iow¢:
Stage 1: Elaboration of Prospective Regional Input-Output Balance.
This balance may be elaborated on the basis of basic regional
input-output balance, the limitations derived by a prospective
national interregional intersectorial balance and by the demogra-
phic growth of the population model. In this sense the prospec-
tive regional input-output balance will appear as follows:
je:J
ｸ ｾ Ｋ ｮ +
'1p
ｸ ｾ ｲ Ｌ ｴ Ｋ ｮ =
1p
je:J
A.. ｸ ｾ Ｋ ｮ +
1J JP je:J
B.. ｸ ｾ Ｋ ｮ
1J JP
( 11)
i e: I j e: J p e: P
The prospective regional input-output balance has the
following constraints:
ｸ ｾ ｲ Ｌ ｴ Ｋ ｮ ::5 I
1p
je:J
constraints for maxiumum import of production in region r
from other regions qi
(11 a)
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x:q,t+n 2: E
1p
jeJ
constraints for minimum export from region r to other
regions q;
ieI
constraints for minimum final personal consumption;
constraints for minimum volume of production for consump-
tion by the non-productive subsystems;
A .. ｸ ｾ Ｋ ｮ :::;; A
1J JP
ieI
constraints for maximum volume of material resources;
t+n -B .. X. :::;; B
1J JP
ieI
constraints for maximum volume of capital investments;
V ＮｸｾＫｮ :::;; L
mJ JP mp
ieI
( 11 b)
(11 c)
(11 d)
(11 e)
(11 f)
(11 g)
constraints for maximum quantity of labor force by different
types of qualification and by subregions of the region. In
this case the quantity of labor resources is derived by
formulate (1) and (3) without taking into account the size of
migration processes and commuting patterns;
V ＮｹＮｸｾＫｮ :::;; V.
mJ 1 JP JP
ieI
constraint for maximum gross wage.
(11 h)
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Stage 2: Optimization of Separate Subsystems
The optimization may be realized using local criteria and
taking into account the constraints assigned by the regional
balance (11). Generally speaking when the separate subsystem
maximizes its final income, the volume of this income may be
derived by means of summing up the relative columns of the
regional balance and will consist of the following elements:
L ｰＮｘｾＫｮ L t+n L V .Y ＮｘｾＫｮ L t+n= A.. P.X. + + a B .. P.X.) )P 1) 1 )P mJ m1 )P 1) 1 )P
iEI iEI iE! iEI
revenue current wage costs profit (12 )
material costs (income)
where
P. = price of product j;)
a = percent of profitability referring to the value
of the installed productive funds.
Thus, the income of the separate subsystems will represent
the difference between revenue and production costs and has to
be maximized:
max {L I
iEI pEP
( 1 3 )
The result of the optimization of the separate subsystems
will be new quantities of their elements in the framework of the
assigned constraints which will differ from its quantity in
regional input-output balance. As far as labor resources are
concerned (viewed as productive resources) the difference
obtained in the result of the optimization will be:
iEI
V ＮｸｾＫｮ
m) )P
iEI
v vt+nV .x.
m) )P = Lt +nmp ( 14 )
This requires the new quantities of the subsystem elements
to be included in the regional input-output balance (11) which
will appear as follows:
L ｘｾＫｮ + L ｘｾｲＬ t+n ± L vt+n L A .. ｘ ｾ Ｋ ｮX. =1.p 1.p 1.p 1.J JPje:J ｱ ｾ ｲ je:y je:J (1 5)
j=J
where
t+n zt+n Sizt2+n +B .. X. +0.. 1 +1.J JP 1.
ｱｾｲ
± L
je:J
vt+nX.1.p ( 15a)
balance of additional volume or reduction of volume of
product i as a result of the subsystem optimization and
of required labor resources;
+ (15b)
ｱ ｾ ｲ
balance of product i intended for export in the case of sur-
plus or for import in the case of deficit in comparison with
its quantity in the prospective regional input-output balance (11).
Stage 3: Strategic Type Models Solving for Development of the
Region
The goal Jf the present paper is not to investigate the
entire optimization process of the IRD system of models
and to solve all its problems (this is the goal of the general
concept), but we will expose here only the outline of one
feasible model of a strategic type. This model is based on the
alternative development of the major productive subsystems
depending on their efficiency and caused by that development
redistribution of the resources within the region (including
the spatial relocation of labor resources). Hence, the optimi-
zation in the regional aspect is realized by means of the crite-
ria of higher rank, compared with local criteria of the separate
subsystems.
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Feasible criteria of such a strategic type model may be
the maximization of final personal consumption and the consump-
tion intended for the non-productive subsystems by an assigned
assortment structure:
( 16)
The constraints are taken from the regional input-output
balance (15) as a result of separate subsystem model solving
(13) without taking into account the constraints for the re-
sources by subsystems of the region (including labor resources).
L ｸｾｲＬｴＫｮ =:5 I
1
jEJ
L ｾＹｲＬｴＫｮ 2: ｾ1
jEJ
Ｎ ｘ ｾ Ｋ ｮ =L V :5 LnJ J m
iEI
and so on following the constraints of (1 1 ) .
( 16a)
(16b)
(16c)
The result of the strategic model solving will be the
relocation of labor resources among the subregions of the region
the quantity of which will be:
L rr,t+n + L rqr,t+n = V ｸｾＬｴＫｮ + V ｸｾｉＬｴＫｮ + V xIII,t+nmp mp m1 JP m2 JP m3 JP
jEJ q*r
( 17 )
+ V ｾｾｶＬｴＫｮ + L ｾｲｱＬｴＫｮm4 JP mp
q*r
The required quantity of migration flows originating from
the above solution may be derived by the following way:
"t+n Kt +n _ Nt +n ( L rr,t+n + L rqr,t+nM = -ps p p mp mp
jE J q*r
- t.mps ( 18)
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where
MpS = required size of migration flows from subregions
p to s, of the region;
K = population size derived by means of the Leslie model;p
in non-working age;
model [ 1 ] ;
N = population sizep
lim = additional partps
are expected to
of the population (families) which
migrate because of their relation
with the labor resources movement.
The section of the model in parentheses represents the
size of labor resources [derived by formula (17) as a result of
the optimization decision of strategic type models (16)].
It can definitely be claimed that the above allocation of
labor resources by subregions is submitted to the requirements
of the strategic character for the development of the region,
but it does not directly reflect the propensity of the population
to migrate between the subregion of the region and out of the
region. Nevertheless, this is an interesting fact that the stra-
tegic decision provokes alterations in the conditions and in
the factors for migration but in some cases some of these factors
will objectively favor the migration movements, while others will
restrict them. This requires the expected quantity of migration
flows to be derived. This size should be real in the conditions
consistent by the optimal decision of the strategic type models
for the development of the region, taking into account the
influence of the factors to the migration.
Stage 4: Defining the Expected Quantity of Migration Flows
The expected size of migration flows might be expressed
in terms of Rogers' model [2] in which the migration rates
t+nq are derived by La Bella's model (10) and at the conditions
consistent by the strategic type models (16):
{Mexp,t+n}
-ps = G {K
t }
_ps ps ( 19)
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where
{Mexp,t+n} = vector of the expected size of migration flowsps
between subregions p and s for prospective year
t+n.
ｖ ･ ｮ ｾ ｶ ｾ ｮ ｧ the ･ ｸ ｰ ･ ｾ ｴ ･ ､ ｾ ｾ ｺ ･ 06 ｭｾｧｮ｡ｴｾｯｮ Ｖｩｯｷｾ ｭ｡ｫ･ｾ ｾｴ ｰｯｾﾭ
ｾｾ｢ｩ･ to ｾ ｯ ｭ ｰ ｡ ｮ ･ them ｷ ｾ ｴ ｨ the ｾ ｯ Ｍ ｾ ｡ ｩ ｩ ･ ､ ｮ ･ ｱ ｵ ｾ ｮ ･ ､ ｾ ｾ ｺ ･ 06 ｭｾｧｮ｡ﾭ
ｴｾｯｮ Ｖｩｯｷｾ ｷｨｾｾｨ ane pnovoked by ｾｯｩｶｾｮｧ the ｾ ｴ ｮ ｡ ｴ ･ ｧ ｾ ｾ type ｭ ｯ ､ ･ ｩ ｾ Ｎ
The difference ｢ ･ ｴ ｾ ･ ･ ｮ the required migration size and the expec-
ted migration size is represented:
ｾ ｴ Ｋ ｮ ± Mexp,t+n = ｾｍｴＫｮ
ps ps ps (20)
The feature characteristics of the stages treated so far
show that the difference (20) has to be reduced to 0 (zero) when
it is positive [because the expected size of migration flows is
undesirable with respect of the optimal decision (16)] or to be
realized in the full size when it is negative [because these
migration flows are needed with respect to the optimal decision].
The problem is, however, that the provoked additional size of the
migration flows or the prevention of the undesirable size of these
is connected with sensitive additional expenditures out of the
expenditures considered in the optimal decision so far. ｔ ｨ ｾ ｾ
ｮ ･ ｱ ｵ ｾ ｮ ･ ｾ the pnobiem 60n the ｮ ･ ｧ ｵ ｩ ｡ ｴ ｾ ｯ ｮ 06 ｭｾｧｮ｡ｴｾｯｮ ｰｾｯｾ･ｾｾ･ｾ
ｾｮ a ｢ｾｯ｡､ ｾ･ｮｾ･ to be tneated ｾ ｮ ｾ ｯ ｮ ｪ ｵ ｮ ｾ ｴ ｾ ｯ ｮ ｷ ｾ ｴ ｨ the Ｖ ｾ ｮ ｡ ｩ
･ Ｖ Ｖ ｾ ｾ ｾ ･ ｮ ｾ ｹ 06 the ｭ ｾ ｧ ｮ ｡ ｴ ｾ ｯ ｮ Ｖ ｩ ｡ ｷ ｾ Ｎ
Stage 5: Regulation of the Migration Processes
The migration processes regulation, in essence presents a new
model of a strategic character, taking into account the efficiency
and the expenditure additionally and directly provoked from the
migration flows. In this case a criterion of higher rank has to
be used which meets both the global requirements for the develop-
ment of the region and the incentives of people who take decisions
to migrate. But prior to answering the question of how to regulate
the migration processes, it is necessary to prove which size of
the migration flows is to be regulated in order to be effective.
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The answer to the latter question is predetermined by accepted
stages of the optimization process. From the optimization
process, we can see that the part of required size of migration
flows which is coverd by the expected size of migration flows
is calculated by means of the strategic type model at stage 3
and hence we can claim that this size is effective. To ｡ｮｾｷ･ｾ
the ｱ ｵ ･ ｾ ｴ ｩ ｯ ｮ ｷ ｨ ･ ｴ ｨ ･ ｾ the ､ ｩ Ｖ Ｖ ･ ｾ ･ ｮ ｾ ･ between the ｾ ･ ｱ ｵ ｩ ｾ ･ ､ and
･ ｸ ｰ ･ ｾ ｴ ･ ､ 6ize 06 ｭｩｧｾ｡ｴｩｯｮ 6loW6 ｩｾ ･ＶＶ･ｾｴｩｶ･Ｌ it i6 ｮ ･ ｾ ･ Ｖ ｾ ｡ ｾ ｹ
to make an ｡Ｖｾ･ｾＶｭ･ｮｴ 06 the ･ Ｖ Ｖ ｩ ｾ ｩ ･ ｮ ｾ ｹ 06 thi6 ､ ｩ Ｖ Ｖ ･ ｾ ･ ｮ ｾ ･ Ｎ
The following more general formulation of migration effi-
ciency may be adopted: a given additional size of migration
flows is effective in the regional framework when the difference
between the additional income and costs per capita provoked by
this migration exceeds, or is equal to, the net income per capita
calculated at the previous states of the optimization cycle:
where
jEJ
L
jEJ
ｶ ｾ Ｋ ｮ + B .. ｸ ｾ Ｋ ｮ
JP 1J JP
Kt +n
p
(21)
6Qps ; additional income from migration expressing
the difference between income created in sub-
region sand p of the region as a result of
different labor productivity.
where
6C ; additional expenditures for migration whichps
expresses:
6Cps1 ; the expenditures for living space
6C = additional expenditures for municipal servicesps2
6C = additional expenditures for educationp S 3
6C 4 = addiitonal expenditures for the developmentps
of health care services
(22
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and so on and additional expenditures (salary
or other facilities) which will provoke the
propensity to migrate = C Or generally:psn
where
ｾ ｃ = ｾ｣ 1 + •.. ｾ ｣ + ｾ｣ps ps psm psn (23)
gross wage within the region;
realized profit within the region.
v. =
JP
B. ,x. =
1J JP
In the case when the effectiveness of the additional size of
migration ｾ ｍ is claimed, a problem for the regulation of thisps
migration arises, i.e. it is necessary to create conditions which
will transfer the expected migration size (19) into the required
migration size (18) which is needed by the optimal decision (16).
The problem may be solved on the basis of La Bella's model
(10) in which the additional value ｾ ｃ has to be added with thepsn
aim of provoking the additional migration size ｾ ｍ • In thisps
case La Bella's model for forecasting migration flows may be
transformed in the model for migration regulation.
Kt+n • q + ｾｍｴＫｮ =
p ps ps f (a, ｾ ｒ Ｌ ｾ ｃ ,ps ps
Yps' ｾ ｃ ｰ ｳ ｮ Ｉ (24)
As shown, the additional value ｾ ｃ ｰ ｳ ｮ which plays the
role of regulator of the migration processes exists at the
same time in formula (21) for the efficiency of the additional
size of migration which ensures convergence between the efficien-
cy of the migration and its regulation.
The interdependencies and the sequence of the stages of
the proposed optimization cycle may be expressed in the block-
scheme of Figure 3.
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IV. BASIC CONCLUSIONS AND REQUIREMENTS TO THE SYSTEM OF
REGIONAL MODELS AND TO THE MIGRATION PROCESSES MODEL
1. The elaboration of the IRD system of models requires the
investigation, on the one hand, of the factors which
influence migration processes and on the other, the reverse
influence of migration processes on the development of
other subsystems of the region.
2. The migration processes modelling from the aspect of
the factors which influence them and of the techniques
for their regulation are adequate in centrally planned
and market economies.
3. In the demographic population growth model including
the migration processes (2) it is necessary to differen-
tiate the population by main age groups and basic sub-
regions of the population allocation must necessarily be
introduced.
4. In the basic regional input-output balance (4) and the
prospective regional input-output balance (11) the main
sectors and activities have to be differentiated by
subregions of the region and the consumption has to be
differentiated by subregions of the region.
5. In the basic balace of labor resources (5) and in the
prospective balance of labor resources (17) the alloca-
tion of labor resources has to be differentiated by
subregions of the region by qualification types and
by subsystems.
6. The differentiation of the conditions which reflect the
factors for migration of the population (10) is necessary
to be made by main subregions of the region and by con-
crete subregions outside the region, but not by average
conditions for the country.
7. The dependence of migration flows with labor resources
utilization and the participation of labor resources in
other subsystem models requires the migration flows to
be treated in a specific way at different stages of the
- 27 -
optimization cycle of the system of models for regional
development. Therefore, it is impossible to apply only
one model for defining migration flows. It is necessary
to use, in sequence, different models concerning the
migration processes, closely connected with other sub-
system models with the region.
8. The interdependency between the models of the separate
subsystems (in horizontal line) and the links with the
regional balance and with the strategic type models (in
vertical line) requires that the efficiency of migration
processes and their regulation be also realized in
horizontal and vertical lines. Hence, the full cycle of
migration processes modelling may be treated as a
hierarchical system of models of two levels.
9. The defining the needed size of migration flows (adequate
to the optimal decisions of other subsystems) and the
defining of the expected size of migration flows (adequate
of the incentives of the population) is a key problem of
the migration processes. The difference between the
required and expected size of migration flows raises the
problem for their regulation.
- 28 -
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APPENDIX I
TWO-REGIONAL LIFE TABLES AND POPULATION
PROJECTION
SILISTRA - REST OF BULGARIA
TOTAL POPULATION, 1975
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***.************************************************
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